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spectral region are generally calibrated with visible and near-infrared 

Iradiation. Three possibilities for the failure of the sensitivity of 

itheraopiles to be independent of wavelength have been investigated!. . , 

,It w a s  found that gold-black typical of that used on thermopiles fdr 

‘far ultraviolet applications reflectively scattered 2 - 4% of the 

Thermopiles used for absolute radiometry in the far UlKrav&u-- 
I 
I 

I 

I 

incident far ultraviolet radiation. 

tered a similar fraction incident visible and near-infrared radiatlon, 

the correction for this effect was small. An analysis of surface sensi- 

tivity maps indicated that a thermopile of 0.04 sec time constant showed. 

no wavelength variation of sensitivity when either d.c. detection or . 

Since the same gold black scat- 

a.c. synchronous detection with 13 c/s chopping was used. 

significant wavelength-dependent phenomenon of importance w a s  found to 

be the photoelectric effect- Ejected electrons carry a significant 

amount of eaergy away from gold-blacked thermopiles in the spectral 

region below 1600A. 

The most 

0 

The maximum correction determined for a particular 
0 

thermopile was 5.29: at 7358. 

* 
Work supported by the National Aeronautics and Space Administration 
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I. Introduction 

Thermopiles have o f t en  been used i n  the vacuum u l t r a v i o l e t  

spec t r a l  region as absolute detectors.  

on photoionization y i e lds  i n  and photoelectric y ie lds  f o r  * 

s ~ l i d s ~ - ~ '  

Much of the  data  which e x i s t s  

i n  the vacuum u l t r av io l e t  depends on thermal de tec t ion  

f o r  the absolute measurement of rad ian t  f lux.  Furthermore, the  

wavelength dependence of the eff ic iency of f a r  u l t r a v i o l e t  rad ia t ion  

detectors  i s  of ten  determined by comparison t o  the f luorescent  y i e ld  

of a sodium s a l i c y l a t e  phosphor, the r e l a t i v e  response of which w a s  

determined by comparison with tha t  of a thermopile. 8- 10 

A thermopile destined f o r  use as a standard i n  the vacuum 

u l t r a v i o l e t  is f i r s t  cal ibrated in the v i s i b l e  region with sources 

of known blackness and temperature. 

thermopile w i l l  develop a given vol tage f o r  a spec i f ic  wattage of 

incident  radiant  energy, independent of the  wavelength of the 

radiat ion.  This paper reports  on the  invest igat ion of three 

p o s s i b i l i t i e s  fo r  the f a i l u r e  of t h i s  assumption. F i r s t ,  the  

f r ac t ion  of incident rad ia t ion  r e f l ec t ive ly  sca t te red  by the  

thermopile 'black" has been measured i n  the v i s i b l e  and the  f a r  

u l t r av io l e t .  Second, the energy ca r r i ed  away from the thermopile 

by photoee jec ted  electrons has been determined. Final ly ,  the 

thermopile surface s e n s i t i v i t y  has been mapped a t  several  wavelengths 

using both 8.c. and d.c. methods t o  reveal any wavelength dependence 

It is then assumed that the  

11 ,, of the  thermopile time constant. Such a dependence would,,of course, 
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. influence the calibration of the thermopile if a.c. methods 

were employed. 

The first possibility mentioned above, namely the failure of 

%lachess'' to be independent of wavelength, has been partially the 

checked in a few instances. 

been found small by several investigators, 12*13 but the determina- 

The specularly reflected component has 

tion of the total scattered radiation from such %lacks" has not 

been previously undertaken in the vacuum ultraviolet. The energy 

loss due to photo-ejected electrons had apparently been overlooked 

previous to the initiation of the present study, although it is 

well known that most surfaces exhibit a marked increase in photo- 

electric yield when the photon energy exceeds 9-10 eV. 6,1,7 

The present studies were conducted using a particular type of 

thermopile and black, however, the ones chosen are typical of 

those which have been used in the far ultraviolet as absolute 

detectors. Also, these results bear on the general problem of the 

applicability of thermal detectors for absolute radiometry in the 

far ultraviolet. 

11. Reflective Scatteri.ing from Gold Black 

A. Experimental ArranPement 

1. Source and Monochromator 

A normal-incidence vacuum ultraviolet monochromator was 

employed for these measurements which utilized a 1-meter radius, 600 

lines/= concave grating blazed at 1500A. 
0 

This mounting has fixed 1 
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entrance and e x i t  s l A s  a t  an angular 8e)oxrtion of 15 degrees. 

grat ing w a s  O-Jer-coated with f r e sh  alaasimm and 250A of MgF2 t o  

enhance i t s  e i f ic iency  elown t o  at least L m .  

windowless d.c. cap i l l a ry  discharge tuba, uas used t o  obtain the  reso- 

The 
0 

0 

The l i g h t  source, a 

nance l i n e s  of the rare gases, the Lynmt emties i n  hydrogeniand the  

molecu l a i  hydrogen spec tram. 
. 

2. Lx?t;rimentaL Chamber 

A 2;" diameter vacuum chamber wm at tached t o  the  e x i t  arm of 

the monochromator. This chamber and pumping system could be i so l a t ed  

from the monochromator. A l l  of tbe measrrrmats were made with a 

chamber pressure on the  order of 5 x 18 P Eg. -S 

The detector  was -ted i n  the wrimen ta l  chamber on a t ab le  

which could be rotated frm wtsido &he vaawm system. The sample t o  

be s tudied w a s  mounted i n  a holder which could be moved v e r t i c a l l y  i n  

and out of the  e x i t  beam and rotated about a v e r t i c a l  axis in te rsec t ing  

the beam. These re la t ionships  are iadfoated i n  Fig. 1. The sample 

holder w a s  mounted so that the sample rurface was  located a t  the center  

of ro t a t ion  of the detector  table.  

The signal from the detector,  8 -tic mul t ip l ie r  with a 
0 

tungsten photocathode ( insensi t ive &uve I-) was fed i n t o  a d.c. 

amplif ier  and recorded. 

B. Procedure 

L e t  us assume a beam of i n t e a s i t y  ]so t o  be incident  on a sca t t e r -  

ing surface,  and a detector ,  of area A, ocaaaing t he  sca t t e red  rad ia t ion  
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a t  a constant r a d i a l  separation, r ,  from that surface.  L e t  8 be the  

angle of observation r e l a t i v e  t o  the  incident  beam, and Is(6) the  

i n t e n s i t y  of t he  sca t t e red  rad ia t ion  observed by t h e  de t ec to r  a t  t h a t  

angle. 

an iso t ropies  in  the  sca t t e r ing  d i s t r ibu t ion ,  t he  r a t i o  of the  t o t a l  

s ca t t e r ed  i n t e n s i t y  t o  t h e  incident  i n t e n s i t y  is given by: 

Then, assuming I (e) is  properly averaged over any d i r ec t iona l  
S 

To obta in  a detec tor  having a uniform response, the surface sensi-  

t i v i t y  of t he  photo-cathode w a s  mapped using various dynode voltages.  

The voltages y ie ld ing  the  most uniform response were used and t h e  

de tec tor  w a s  u l t imate ly  masked t o  a se lec ted  9mm x 9mm area.  

The gra t ing  was masked t o  l i m i t  t h e  e x i t  beam divergence t o  1.5 

degrees v e r t i c a l l y  and 1.5 degrees horizontally.  The height of the 

e x i t  s l i t  w a s  reduced t o  give a beam 3mm high a t  t h e  s c a t t e r i n g  sample. 

These adjustments resu l ted  i n  an e x i t  beam cross  sec t ion  of 3mm x 3mm 

on the  sample.  

The s c a t t e r i n g  sample was set normal t o  the beam and measurements 

w e r e  made every 5" from 10" t o  80" on each s i d e  of t he  o p t i c a l  ax i s .  

The s c a t t e r i n g  sample w a s  then set a t  an angle of 10" and the specular 

peak w a s  scanned. The sample was then ro t a t ed  through 90" about an 

' a x i s  perpendicular t o  i t s  face and t h e  above procedure repeated so as 

t o  de t ec t  any an iso t ropies  i n  the sca t t e r ing  d i s t r ibu t ion .  
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The intensity of the incident beam was measured by moving the 

scattering sample vertically out of the beam; however, the direct beam 

signal was higher than the scatter signal by a factor of lo2 - 10 . 5 

To reduce the demands on the linearity of the detector, an attenuating 

screen was used in the measurement of the incident beam. The screen 

transmission (2.1%) was measured using the same geometry and wavelength 

as used Ln the scatter measurement. 

C. Results 

The samples of gold-black measured in these experiments were 

prepared by a thermopile manufacturer and are typical of the blacks 

used on thermopiles for the far ultraviolet. 

on gold leaf substrates were studied. 

aad the black deposited on the thermopile discussed in Sections 111 

and IV of this paper, were manufactured in the same evaporation. 

thermopile has a time constant of roughly 0.04 sec. 

black, if applied to the same thermopile, would yield a longer time 

constant - which the manufacturer suggests would be on the order of 
0.09 sec. 

Two thicknesses of black 

The thinner of the two blacks, 

This 

The thicker gold- 

As a preliminary check of the scatter-measuring apparatus, a 

sample of silica was studied which had been given ,a "super-smooth" 

optical polish% 

*This sample was kindly supplied to us by H.E. Bennett. The bowl- 

14 feed polishing technique used has been described. 
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The s ignal  recorded by the detector when scanned through t h e  

d i r e c t  beam is indicated on a semi-log p lo t  i n  Fig. 2 f o r  rad ia t ion  

of wavelengch 5848. O n  the same graph the  s ignal  recorded when the 
0 

detec tor  w a s  scanned through the beam ref lec ted  from the s i l i c a  p l a t e  

i s  indicated. An angle of incidence of 10" w a s  used. The angular 

d i s t r ibu t ion  of the  re f lec ted  beam i n  Fig. 2 has been normalized t o  

the directbeam d i s t r ibu t ion  a t  the  center. The "tails" of the d i r e c t  

beam d i s t r ibu t ion  are probably due t o  sca t t e r ing  off the e x i t  slit 

j a w s .  

scanning range, indicat ing t h a t  l i g h t  sca t te red  from the  measuring 

chamber w a l l s  is  negligible.  It can be seen that the angular d i s t r i b u t i o n  

of the re f lec ted  beam closely follows the d i s t r ibu t ion  of the d i r e c t  beam. 

The detector  s igna l  remains low Over the  remainder of the 

T h i s  ind ica tes  t ha t  the super-smooth f l a t  does not scatter appreciably a t  

A5848, and t h a t  the measuring apparatus i s  not recording unwanted scat- 
0 

t e red  l i g h t  s ignals .  
"L.-(& I a 

Figure 3 indicates  the r a t i o  I M 0  as a function of 8 obtained a t  
0 

11025A when the  sca t t e r ing  surface w a s  t he  thinner of the two gold-black 

samples (presumably ident ica l  t o  tha t  used on the  thermopile t e s t ed  i n  

Sections III and IV).  In Fig. 3, two scans are shown - t he  difference 

between them being a 90 degreerotation of the  sca t t e r ing  sample about 

t he  incident beam axis.  The difference between the  two curves ind ica tes  

some anisotropy i n  the angular sca t te r ing  by the  gold-black. Also shown 

i n  Fig. 3 is a curve representing the d i s t r ibu t ion  of a "perfect" scat- 

t e r i n g  surface - i.e. where %-*)/Io - cosine 8 .  
'I I,,&) 

It is apparent 
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tha t  the sngular distribution of the scattering by the gold-black-on- 

gold resembles the distribution of a perfect scattering surface, with 

a specular reflection component added on. 

due to the gold substrate which is not completely obscured by the gold 

black deposit. 

of Io. 

by the integration indicated in Sec. ID, is 3.17.. A similar distribu- 

tion was obtained for this sample of gold-black at h584A and at h1216A. 

The integrated scattered radiation at h584A was 3.6% and at h1216A was 

3.1%. 

The specular component is 

The peak of this specular component is less than 0.014% 

The total scattered intensity, obtained from this distribution 

0 

0 0 

The specular component of the reflectively scattered radiation 

was absent in the heavier gold-black-on-gold sample tested - as can be 
seen in Fig. 4 where the distributions are plotted for the same three 

wavelengths in the far ultraviolet. 

loss increases slightly with decreasing wavelength which may reflect 

the changing ratio of wavelength t o  particle s i z e  of the gold-black. 

The integrated total scattering for this heavier black was 2.1% at 

h584A, 2.0% at h1025A was 1.9% at h1216A. 

It can be seen that the scattering 

0 0 

These same two samples of gold-black-on-gold were tested for total 

scattering in the visible and near-infrared spectral regions using an 

integrating sphere and an appropriate spectrophotometer. 

showed a total scatter of 1.6 - 3.1(-+0.5)% and the thicker sample 1.5 - 2.9 
(-+0.5)% over the region 0.4~ to 2.2~. 

is a non-negligible loss for thermopile blacks, it would seem that the 

similarity of this loss in the visible and the far ultra-violet indicates 

The thin sample 

Thus, while reflective scattering 
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t ha t  the uncertainty i n  the use of t h e  thermopile a t  the sho r t  wave- 

lengths a f t e r  c a l i b r a t i n g  i n  the v i s i b l e  i s  l e s s  than a percent. 

111. Thermopile Cooling due t o  Eiected Photoelectrons 

Two independent methods have been used t o  determine the  lo s s  of 

thermopile s igna l  due t o  the cooling caused by the loss  of photoejected 

electrons.  Ia each method, t he  basic idea is  t o  eliminate t h e  energy 

loss mecnanisn due t o  the photoelectric e f f e c t  by returning t h e  e lec t rons  

t o  t h e  thermopile with t h e  same energy which they ca r r i ed  away. The 

f i r s t  method i s  t o  surround the thermopile with an e l e c t r o s t a t i c  f i e l d  

s u f f i c i e n t l y  strong t o  prevent a l o s s  of photoelectrons. Care must be 

taken t o  prevent dr iv ing  s t r a y  electrons and/or negative ions i n t o  the 

thermopile. The second i s  t o  emerse t h e  thermopile i n  a d.c. magnetic 

f i e l d  so t h a t  e jec ted  e lec t rons  w i l l  be turned back t o  the  surface. 

This method has the  advantage that s t r a y  e lec t rons  o r  ions are repelled 

from the  thermopile. 

A. Experimental arranpement 

The monochromator and l i gh t  source described i n  p a r t  I1 were 

used f o r  these measurements. However, f o r  t h i s  pa r t  of t h e  work the radia-  

t i o n  fros the  source w a s  chopped between the  source and the  monochromator 

entrance s l i t  with a frequency of 13 qs. 
c i s  .T.-W,- \ 

The chopping motion, t he  
i i  

mechanical design of which has been describedf5 w a s  fed i n t o  the vacuum 

system through a bellows seal. A subs t an t i a l  gain i n  signal-to-scattered 

l i g h t  r a t i o  can be achieved by the proper choice of chopper blade materials. 

A3 addi t iona l  advantage t o  the  use of chopped source r ad ia t ion  appl ies  when 
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a thermal detector is used; namely, the d.c. voltage generated at the 

detector due to thermal radiation within the monochromator itself is 

not accepted by the a.c. amplifier. 

1. Thermopile 

The thermopile used for this experiment is a series connection 

of four elements which are composed of bismuth-tellurium and bismuth- 

antlnony alloys. The thermal junctions are extended using gold flakes of 

lmm x 2 m  area. Together they form a sensitive area l m m  x 8mm. The 

therinopile is compensated, designed for a 13 eps chopping frequency and 

constructed entirely of non-magnetic materials. The thin gold-black 

coating on the gold flakes is similar, if not identical, to the thin 

black tested for scattering in Section 11. The time constant of the 

thermopile is on the order of 0.04 sec. and when calibrated in the visible 

the evacuated thermopile had a sensitivity of bv/watt and an EN1 power 

of approximately 10 watts. 

* 

c / 5 

-9 

The thermopile was located approximately 1 5 m  behind the exit 

s l i t  of the monochromator. This slit was adjusted to 0.6m width and 7mm 

height, assuring that a l l  the flux which passed through the exit slit of 

the monochromator would be intercepted by the sensitive area of the 

thermopile. The physical housing of the thermopile is indicated in Fig. 5 

ft was designed so that a d.c. magnet could be placed outside the vacuum 

housing but in close proximity with the thermopile, which was centered ------ ------------- ------ 
* 
This thermopile was manufactured and mounted in a special housing by the 

C. Reeder Co., Detroit, Michigan. 
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between the poles with the magnetic field lines-parallel to the long 

dinension of the sensitive surface. 

2. Electronics 

An impedance matching transformer was utilized between the 

thermopile and a pre-amplifier. The thermopile could either be grounded 

to its surroundings, or made electro-positive with a variety of poten- 

tials available from battery sources. (as indicated in Fig. 6 . )  

A block diagram indicating the overall experimental system is 

shown in Fig. 7. The signal from the pre-amplifier was fed to a 13 +a 

broadly-tuned amplifier. 

c.’s 

The output of this amplifier was rectified 

synchronously with the chopping frequency by a mechanically coupled 

rectifier. The signal was then filtered, further amplified and fed 

into a voltage-to-frequency converter. The converter signal was fed 

to a 10 count scaler. 

converter, the signal could be integrated for any desired period.’ In 

5 By proper adjustment of the voltage to the 

addition to the counter readout, a recorder continuously displayed the 

rectified and filtered output of the 13 c& amplifier. 
/< 

Thus the source 

stability during the integration time could be monitored. 

Backgound due to local interference was reduced to a negligible 

level by placing the electronics and the experimental apparatus inside 

a double Faraday cage. 

t 
c--_--_----___--------------------- 

The use of the voltage-to-frequency converter and scaler system was 

inspired by a visit to the laboratory of H.E. Bennett who has been using 

this method for infrared signal detection. 
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B. E l ec t ros t a t i c  Xethod 

1. Procedure 

The thermopile s igna l  w a s  f i r s t  recorded without biasing the  

element w i t h  respect t o  i t s  surroundings. Then, a d.c. b ias  was applied 

as indicated i n  Fig. 6 ,  and the  s ignal  again recorded. A comparison of 

rhese signals should ind ica te  the loss  caused by t h e  photo-ejected 

e lec t rons  carrying away a portion of the incident  rad ian t  energy, 

assuming the bias  voltage w a s  su f f i c i en t ly  high and t h a t  no s t r a y  

e l ec t rocs  o r  ions were being driven erroneously i n t o  the thermopile. 

Early r e s u l t s  indicated some d i f f i c u l t y  with the  lat ter e f f e c t ,  probably 

due primarily t o  photoelectrons from the  e x i t  s l i t  j a w s .  

biased co l l ec to r  electrode w a s  i n s t a l l ed  on the monochromator s ide  of t h e  

ex i t  s l i t  (see "C" i n  Fig. 5) i n  an attempt t o  c o l l e c t  these s t r a y  elec-  

t rons  before they w e r e  influenced by t he  re ta rd ing  f i e l d  of the  thermopile. 

A pos i t ive ly  

The change i n  thermopile s igna l  r e su l t i ng  from an  increase in 

tke  co l l ec to r  po ten t ia l  is  indicated i n  Fig. 8 ,  f o r  three thermopile 

b i a s  po ten t ia l s ,  a t  h5841. 

-I45 v o l t s  with respect  t o  the grounded monochromator w a s  s u f f i c i e n t  t o  

eliminate t h e  e f f e c t s  of t he  unwanted e lec t rons  and ions. Furthermore, 

i t  i s  apparent t h a t  a thermopile b ias  voltage of 4 5  v o l t s  with respect 

t o  thegrounded surroundings *suff ic ient  t o  r e t a r d  e s s e n t i a l l y  a l l  

of the e jec ted  electrons.  

t h e  thermopile re ta rd ing  potent ia l  and t h e  co l l ec to r  r ing po ten t i a l  were 

set a t  +67 volts .  

It can be seen t h a t  a co l l ec to r  potenrial  of 

&.& 

For the purpose of obtaining the da ta  below, 
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2 .  Results 

The change i n  the  thermopile s igna l  caused by switching 

on and off t h e  e l e c t r o s t a t i c  re tarding f i e l d  is shown i n  Fig. 9 f o r  

a n u b e r  of wavelengths. 

s ca l e r  t o  in t eg ra t e  the s igna l  f o r  10 seconds without a re ta rd ing  f i e l d ,  

then f o r  10 seconds with a retarding f i e ld .  The procedure w a s  continued 

f o r  10 or  12 cycles allowing a good check on zero d r i f t s  and l i g h t  source 

f luxuat ions.  

The da ta  were obtained by allowing the  

C. Ylycetic Method 

The maximum o r b i t a l  radius  of e lectrons photo-ejected from t h e  

thermopile surface i n  the presence of a magnetic f i e l d  is readi ly  calcu- 

l a t ed  from the  following equation: 

where m, e a r e  the  mass and charge of the  electron,  E i s  the  e l ec t ron  

energy and B the magnetic f i e l d  strength. For i l l u s t r a t i o n  l e t  us 

consider e lectrons leaving with 40 e V  energy - remembering, however, 

that most photo-ejected electrons are expected to  have energies w e l l  

below tha t  of the incident photons due t o  sca t t e r ing  e f f e c t s  i n  t h e  so l id .  

In the  case of 40 e V  e lec t rons  a magnetic f i e l d  s t r eng th  of 1000 gauss 

y i e l d s  a maximum o r b i t a l  radius  of 0.2mm. 

The maximum radius  o r b i t  i s  achieved when the  ve loc i ty  of the  

e j ec t ed  e lec t ron  i s  normal t o  the magnetic f i e l d .  If the thermopile 

sur face  i s  p a r a l l e l  t o  the  f i e ld ,  and one assumes an e l ec t ron  leaving 

t h e  surface with a ve loc i ty  or iented 1' from t h e  d i r ec t ion  of t h e  f i e l d  
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of s t rength  1000 gauss with an energy of 40 e V  then the  e l e c t r c n  w i l l  

cycloid back t o  the surface i n  approximately a 1.3mm v e r t i c a l  displace- 

rcect. Gne can conclude from these considerations tha t  a negl ig ib le  

number of photo-ejected e lec t rons  would be expected t o  escape from a 

lrom x 8mm thermopile emrsed  i n  a 1000 gauss magnetic f i e l d  f o r  photon 

energies  up to  100 eV.  Furthemore, e lectrons and ions from t h e  mono- 

chromator would have l i t t l e  chance of s t r i k i n g  the  thermopile. 

12 the  present experiment, a permanent magnet with a gap f i e l d  of 

1600 gauss was used. 

p i l e )  were constructed of non-magnetic materials. The thermopile s igna l  

was recorded with and without che magnet positioned as shown i n  Fig. 5 .  

The da ta  taking procedure w a s  t h e  same as t h a t  described f o r  t h e  

e l e c t r o s t a t i c  f i e l d  method in Section 111 A. The change i n  t h e  thermo- 

p i l e  s igna l  expressed i n  percent is  shown f o r  various wavelengths i n  

Fig. 9 ,  where the da ta  compare favorably with the r e s u l t s  of t he  

e l e c t r o s t a t i c  f i e l d  method. The s o l i d  curve shown in  Fig. 9 is merely 

a guide through the  experimental points. 

The housing and e x i t  s l i t  (as well as the  thermo- 

The enhancement of the thermopile s ignal  i n  t h e  presence of t he  

magnetic f i e l d  w a s  a l so  checked i n  t h e  v i s i b l e  spec t r a l  region as a 

safeguard aga ins t  extraneous e f fec ts .  Application of the magnetic f i e l d  

caused no change i n  s igna l  when v i s i b l e  l i g h t  w a s  inc ident  upon the  

thermopiie. 

I V .  Surface Sens i t i v i ty  Maps and Time Constant Consideratiors 

If t he  time constant of the thermopile i s  not s h o r t  compared 



.. 
-15- 

with the chopping period, a drop i n  overa l l  a-e. s e n s i t i v i t y  w i l l  occur. 

A change of the cime constant with wavel-fh would, in this case, cause 

var ia t ions  i n  a.c. sens i t iwi ty  such .S hsln been previously noted. 

I 

11 

2 i l e  ca l ibra ted  i n  the v i r i b h  wadA therefore give erroneow 

r e s u l t s  i f  used i n  the  f a r  u l t rav io le t .  B I.c. method would circurtwent 

t h i s  d i f f i c u l t y ,  but the a.c. techniqme hu.r g r e a t  advantage in discrfar 

ina t ing  against  uriuanted signals. 

I f  the experimental arraagenmnt wed f o r  the ca l ib ra t ion  in 

the  v i s i b l e  ia FLrx ica l  t o  tha t  of the  f a r  u l t r a v i o l e t  appl icat ion,  it 

vould see= that a wavelezlgth depe-ce of til the  constant could o n l y  

be effected ~y a change i n  the absorptien process - ca-k 1 s  3 vari 1 

i n  the penetrat ion of the radiat ion in t h 8  absorb- ;,ack. ditnout 

dweliing on the possible mecbsrnism #ox sad& A time --%-Atant var ia t ion,  

i t  i s  of p rac t i ca l  importance t o  deterafPls the extent  to which it exists 

i n  a typ ica l  f a r  u l t r a v i o l e t  theplsogile. 

measurements which y ie ld  a map of tbe s e r v i t i v i t y  va r i a t ion  over the 

surface of the thermopile, using both vislble and f a r  u l t r a v i o l e t  

Ln t h i s  s ec t lon  we re:-rL 3 

* 

i n c i L s t  radiat ion,  and both a.c. a d  doc. methods. Any difference 

between the a.c. and the d.c. maps w w l d  indicare the extent  t o  which 

t he  time constant of the thermopile was not negi igibly shor t  with 

respcc: t o  ::-: - - m p i n g  period, and any va r i a t ion  of the  a.c. maps with 

wavelengc-. - - D U ~ G  5e a danger sign i n  the arc.. use of the thermopile 

outs ide the wave:. ngth range ~ ) f  the  ca l ib ta t ion .  

A. -5xperimenta- -ocedure 

The XL. - ;romator anc ligat source were described i n  Section XI, 
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and the thermopile in Section 111. For these measurements the thermopile 

was mounted 8mm from the exit slit on a platform which could be trans- 

lated perpendicular to the exit beam. The exit beam was limited so that 

its cross-section at the thermopile was 0.3nsn x 8.Omm, with the long 

dimension vertical. The thermopile was oriented in the beam with its 

long dimension horizontal - parallel to the translational direction of 
the table on which it was mounted. The thermopile was then scanned 

slowly through the beam and a one-dimensional map of the surface sensi- 

tivity was determined at different wavelengths. 

The output of the thermopile was measured by two methods. In 

the first, an unchopped light source was used and the thermopile signal 

was amplified with a d.c. amplifier and displayed on a recorder. 

second, the light source was chopped at 13 ep6 and the signal amplified 

using a broad band 13 cgs amplifier. 

rectified synchronously with the chopping frequency, filtered, and 

In the 
cis 

C/.S 
The output of the amplifier was 

displayed on a recorder 

B. Results 

The one-dimensional sensitivity maps of the thermopile which 
0 0 0 

were obtained at 5461A, 1606A and 584A are shown in Fig. 10. Data 

obtained by both the a.c. and d.c. methods are indicated. The a.c. and 

d.c. data obtained at each wavelength are arbitrarily normalized since only 

the variation in sensitivity along the thermopile is of interest. The 

curves for three wavelengths have been given an arbitrary vertical 

displacement in Fig. 10. It can be seen that the a.c. and d.c. sensitivity 
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maps f o r  each wavelength are e s sen t i a l ly  iden t i ca l  - the  deviat ions being 

within the combined reproducibi l i ty  of these measurements. 

show, inc identa l ly ,  t h a t  the thermopile deviates  considerably from 

uniform s e n s i t i v i t y  along i ts  length. The four  segments of the  thermo- 

p i l e  can be e a s i l y  recognized, and it is  apparent that they are not a l l  

equally e f fec t ive .  Furthermore, i t  is obvious (and expected) that t h e  

thermal emf generated a t  the  two ends of each extended junc t ion  are not  

equal i n  magnitude - thus the s e n s i t i v i t y  of each segment is  a ramp 

functioc.  Since t h e  a.c. and d.c. s e n s i t i v i t y  maps are e s s e n t i a l l y  

iden t i ca l  a t  a l l  wavelengths studied (several  intermediate wavelengths 

w e r e  examined) it would appear t ha t  the  t i m e  constant f o r  t h i s  thermopile 

The curves 

is, e f f ec t ive ly ,  sho r t  compared t o  the chopping frequency. 

In Figure 11 the a.c. s e n s i t i v i t y  map f o r  the  three  wavelengths 

54618, 1606A and 584A are p lo t ted  on a s ing le  coordinate system. 
0 0 0 

Again 

an a r b i t r a r y  normalization has been used. It is  apparent from the  f igu re  

t h a t  each of these incident wavelengths produces a near ly  iden t i ca l  

s e n s i t i v i t y  map. From t h i s  r e s u l t  w e  conclude that any variation i n  the  

t i m e  constant of t h i s  t h e m p i l e  with wavelength is of negl ig ib le  p rac t i ca l  

importance. 

Sens i t i v i ty  maps were also obtained with the  thermopile ro ta ted  

through 90' so t h a t  i t s  long dimension was p a r a l l e l  t o  the  e x i t  s l i t .  

These r e l a t i v e l y  lower reso lu t ion  scans produced rather rounded rectang- 

u l a r  d i s t r i b u t i o n  functions which showed no differences under a.c. and doc.  

operat ion and no wavelength dependence. 
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v. Conclusions -_ -_- _-- 

The foregoing sections have discussed three aspects  of the perfor- 

mance of a thermopile which a r e  of importance for  radiometric appl icat ions 

i n  the f a r  u l t r av io l e t .  It has been shown that the r e f l e c t i v e  sca t t e r ing  

from t h i n  gold-black-on-gold f o i l ,  while not ins igni f icant ,  is  similar 

i n  the v i s i b l e  and far u l t r av io l e t .  

ca l ibra ted  i n  the  v i s i b l e  and used in the  f a r  u l t r av io l e t ,  t h i s  phenomena 

should not require a correct ion - i f  radiometric accuracy i n  the  17, range 

i s  su f f i c i en t .  It w a s  f u r the r  determined t h a t  t h i s  thermopile has a 

surface s e n s i t i v i t y  and a t i m e  constant which is independent of wavelength 

i n  the  regions of i n t e re s t .  It would appear, i n  f ac t ,  t h a t  the  only 

s ign i f i can t  correct ion which would be required f o r  t h i s  thermopile is  

due t o  the  photoelectric e f f ec t ,  which causes a negl ig ib le  loss i n  the  

v i s i b l e  region, but as high as a 5% loss i n  the f a r  u l t r a v i o l e t .  

Therefore, i f  the thermopile is 

These r e s u l t s  apply only t o  the thermopile which w a s  used i n  t h i s  

study and a general izat ion of them is not  necessar i ly  j u s t i f i e d .  

these r e s u l t s  increase our confidence i n  the v a l i d i t y  of t h i s  method of 

radiometry for t he  f a r  u l t r av io l e t .  

are ca re fu l ly  es tabl ished f o r  an  optimum thermopile, a radiometric detector  

standard w i l l  have been developed fo r  the f a r  u l t r a v i o l e t  which w i l l  be 

r e l i a b l e  i n  the few percent range, f i  

However, 

We f e e l  that i f  these correct ions 

P- ’ . I f  t h i s  detector  compared favorably with the rare gas 

ion iza t ion  chamber detectors16in the i r  regions of effect iveness ,  and 

with the  source standards being developed a t  NBS” i n  the region above 

ZOOOA, w e  f e e l  it would be j u s t i f i a b l e  t o  use such a thermopile t o  
0 

c a l i b r a t e  more sens i t i ve  detectors throughout the f a r  u l t r a v i o l e t -  
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Figure Captions 

Diagram showing the experimental arrangement used f o r  the 

measurement of the r e f l ec t ive  sca t te r ing  from gold-black i n  

the f a r  u l t r a v i o l e t  spec t r a l  region. The dashed port ion of the 

diagram indicates  the posi t ion of the sample and detector  when 

the d i r e c t  beam is  measured. 

Angular p ro f i l e  of the  beam re f l ec t ive ly  sca t te red  from a highly 

polished s i l i c a  r e f l ec to r ,  compared with the  p ro f i l e  of the inc i -  

dent beam a t  h584A. 
0 

The ref lected beam p ro f i l e  is a r b i t r a r i l y  

normalized t o  the incident beam p r o f i l e  a t  t he  maximum (angle of 

incidence = 10") 

Angular p ro f i l e  of the beam re f l ec t ive ly  sca t te red  from a sample 

of gold-black on a gold substrate.  The ordinate  is the r a t i o  of 

the sca t te red  in tens i ty  at angle 8 t o  the  incident  beam in tens i ty .  

A cosine d i s t r ibu t ion  (perfect s ca t t e r e r )  is  shown f o r  comparison. 

Note the specular peak which is  apparent fo r  t h i s  thickness of black. 

When used on a thermopile, t h i s  thickness resu l ted  i n  an overa l l  

time constant of 0.04 sec. (1 = 1025A) 
0 

Angular p r o f i l e  of the beam re f l ec t ive ly  sca t te red  from a second 

sample of gold-black (thicker than that used f o r  Fig. 3) on a gold 

subs t ra te  a t  three wavelength i n  the f a r  u l t r av io l e t .  The ordi-  

nate is the r a t i o  of the sca t te red  in t ens i ty  a t  angle 8 t o  the 

incident  beam in tens i ty .  
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5 )  A sectional drawing of the exit slit and thermopile housing, 

showing the relative locations of the exit slit (S) and thermo- 

pile (T). The collector ring (C) is used in the electrostatic 

method of returning photo-ejected electrons to the thermopile: 

The magnet (M) is used in the magnetic method. 

6 )  Circuit diagram showing the method used to bias the thermopile 

electropositive with respect to its surroundings. 

7) Block diagram of the overall experimental arrangement indicating, 

in particular, the detection scheme which has proven effective in 

obtaining accurate results with the low signal-to-noise usually 

associated with thermopile detection. 

8 )  Thermopile response vs. collector potential for several thermopile 

The bias voltage (See Fig. 6 )  provides the electro- bias voltage. 

static field to return photo-ejected electrons to the thermopile. 

The collector ring potential (See Fig. 5 )  is required to prevent 

stray electrons or ions from reaching the thermopile 

9) The percent increase in thermopile signal achieved by returning 

the photo-ejected electrons to the detector, as a function of 

wzvelength in the far ultraviolet. 

method and the magnetic method are compared. 

connects the experimental points. 

One-dimensional sensitivity maps showing the variation of the 

thermopile response as a function of displacement along the long 

dimension of the thermopile. The data obtained at three wavelengths 

The results of the electrostatic 

The solid line merely 

10) 



.. a r e  shown, and the results using d.c. detect ion are compared 

w i t h  those using a.c. synchronous detect ion and 13 &s chopping. 

The data  obtained a t  the three wavelengths (A - 584A; B - 1606A; 
C - 54618) have been given a r b i t r a r y  vertical  displacements. The 

< s  
0 0 

0 

r e s u l t s  of the a.c. method are a r b i t r a r i l y  normalized t o  the 

r e s u l t s  of the d.c. method for each wavelength. 

11) One-dimensional s e n s i t i v i t y  maps showing the  va r i a t ion  of the 

thermopile response as a function of displacement along the  long 

dimension of the  thermopile f o r  three d i f f e r e n t  wavelengths. 

Only the r e s u l t s  from the a.c. detect ion method (13 ops chopping) 
c ,IS 

are shown. The scans fo r  the d i f f e ren t  wavelengths were arbi-  

t r a r i l y  normalized a t  one poin t  along the thermopile. 
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